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VERIDIAN ON-SITE AIR BAG RELATED ADULT DRIVER FATALITY
INVESTIGATION
SCI SUMMARY TECHNICAL REPORT
VERIDIAN CASE NO. CA02-016
SUBJECT VEHICLE - 1996 FORD F-150 PICKUP TRUCK
LOCATION - STATE OF PENNSYLVANIA
CRASH DATE - JUNE 2001

BACKGROUND

This on-ste investigation focused on a single-vehicle crash that
involved a 1996 Ford F-150 pickup truck (Figure 1) that was
equipped with a driver's air bag. The Ford pickup truck was
occupied by an unrestrained 41-year-old mae driver who was
operating the pickup truck on approach to a T-intersection during
the nighttime hours. The driver apparently falled to detect the |3 it
intersection on his gpproach and applied the brakesin full-lockup flr oA R
asthevehicle entered theintersection. The unrestrained driver was
displaced forward by impact prior to air bag deployment into the
path of the driver’ sair bag cover flgp. The pickup truck continued
across the intersecting roadway and impacted a dirt embankment
that measured agpproximately 109.2 cm (43.0") in height with the
front bumper area. The driver submarined the steering whed as the vehicle ramped up the dirt
embankment. Due to the soft dirt, the crash pulse was e ongated which alowed the unrestrained driver to
move forward into the path of the air bag. The driver’ sair bag deployed and the air bag cover flap struck
the driver in the chest and neck which resulted in multiple chest contusions and a gaping anterior and
bilaterd neck laceration which extended to the base of the tongue. The air bag expanded againgt the
driver’s neck and chest which caused multiple bilaterd rib fractures, partid transection of the proximal
descending aorta, multiple lacerations of the thoracic aorta, hemopericardium, alaceration of the posterior
pericardia sac, an endocardid laceration of the inferior vena cava and right atrium, and multiple crush
trauma, contusions and abrasions of the anterior chest wall. The driver initiated a forward trgectory and
the combination of thedriver’ sforward loading and air bag expanson againgt the driver resulted in steering
column compression. The air bag expanson hyper-extended his neck which resulted in atransverse hinge
fracture extending through the occipital bone, crush trauma and multiplelaceraionsof the pons, midbrain,
brainstem, and cerebellum, and subarachnoid and subdura hemorrhage at the base of the brain. Thedriver
rebounded rearward and came to rest dumped to the right across the bench seat. He was pronounced
dead at the crash scene.

Figure 1. On-scene photograph
of the 1996 Ford F-150 pickup
truck

The Nationd Highway Traffic Safety Adminigtration (NHTSA) was natified of this crash by an atorney
who faxed anatification form to the Specia Crash Investigations Officein April 2002. The crash occurred
in June 2001 in the State of Pennsylvania. NHTSA subsequently assigned an on-dite investigation to the
Veridian SCI team in May 2002.



SUMMARY

Crash Site
This crash occurred during the nighttime hoursin June 2001 at aT-
intersection of two rura roadways (Figure 2). At thetime of the
crash, there were no adverse wegather conditions and the asphalt
roadway was dry. The unmarked north/south roadway conssted
of one travel lane in each direction that were bordered by gravel
shoulders. Theroadway was straight and had a2 percent negative
southbound grade. The unmarked east/west roadway consisted of
one travel lane in each direction and was bordered by grave
shoulders. A dirt embankment was present on the south sde of the
roadway opposite the mouth of the intersection and was offset to
the west aspect. Theembankment consisted of moderately packed
dirt and rocks and was located 2.1 m (6.9) from the south road

Figure 2. View of T-intersection
looking south

edge. It measured 8.6 m (28.2) in width and 110 cm (43") in height. The dope of the embankment was
goproximately 50 degrees from vertical, front-to-rear. The east/west roadway was straight at the
intersection and had a 3 percent positive westbound grade. The roadway curved to the left west of the
intersection. Shallow drainage ditcheswere present on both sides of the east/west roadway and on thewest
sde of the north/south roadway. Traffic control at the intersection conssted of astop sign on the northwest
corner for southbound traffic. A yellow warning sign with opposing arrows was present on the south
roadside for southbound traffic, but it appeared to have been ingtdled after the crash. The posted speed
limit for the east/west roadway was 48 km/h (30 mph) and there was no posted speed limit for the
north/south roadway. The roadside environment consisted of various trees and wooded areaswith private
driveways and residentia properties. There was no roadway illumination. The scene schematic isincuded

as Figure 10 of thisreport.

Pre-Crash
The driver of the 1996 Ford F-150 was operating the vehicle
southbound on gpproach to the T-intersection. At the time of the
crash, the stop sign located on the northwest corner of the
intersection had been displaced from a prior unrelated event, and
was lying on the ground. It appeared that the driver did not detect
the T-intersection as he approached it. Based on skid marks
(Figure 3) documented by the investigating officer, the driver
became aware of the intersection and applied the brakesin full-
lockup approximately 10.0 m (32.8) north of theintersection. The
F-150 pickup truck traveled across the intersection and rotated

Figure 3. On-scene photograph
showing pre-impact skid marks

gpproximately 10 degrees in a clockwise yaw as a result of a probable right steering input. The pickup
truck departed the south roadside at the top of the T-intersection and traveled acrossthe shalow drainage

ditch onto the roadside.



Crash

The 1996 Ford F-150 pickup truck impacted the dirt embankment
with the front bumper area (Figure 4). Impact resulted in
moderate damage to the pickup truck. The principa direction of
force wasin the 12 o' clock sector, and the impact was sufficient
to deploy the frontd air bag system in the vehicle. The damage
dgorithm of the WinSMASH program computed a barrier
equivdent speed of 18.7 km/h (11.6 mph) based on crush
measurements along the front bumper. The longitudina deltaV/
component was -18.7 km/h (-11.6 mph) and the lateral detaV
component was 3.3 km/h (2.1 mph). Based on the direct contact
damage to the bumper, it appeared that the bottom aspect of the
bumper struck a moderately-sized rock with the center aspect as
itimpacted the embankment. The pickup truck appeared to have partialy ramped up the front aspect of
the embankment and may have did rearward dightly to find rest. The front whedls came to rest in the
shdlow drainage ditch which measured 15.2 cm (6.0") in depth.

Figure 4. View showing final
rest of the pickup truck relative
to thedirt embankment

Post-Crash
The 41-year-old driver was fatdly injured and expired at the scene. First responders found the driver in
the front left position, dumped across the bench seat with no vital signs. The driver was pronounced dead
at the scene and removed from the vehicle by the coroner.

VEHICLE DATA - 1996 Ford F-150 Pickup Truck

The 1996 Ford F-150 4 x 2 pickup truck was identified by the Vehicle Identification Number (VIN):
1FTEF15Y6TL (production sequence omitted). The vehicle was owned by a private company and driven
by various employees. The current milage was unknown, as the odometer was dectronic and there was
no power to the vehicle. The pickup truck was configured with aregular cab and a249 cm (98") long box.
The Ford F-150 was equipped with a4.9 liter, 6-cylinder engine, four-speed automatic transmission, front
disc brakes and rear drum brakes with rear anti-lock system, dua fudl tanks (centered fore and aft of the
rear axle), and power steering.



The Ford F-150 pickup truck was equipped with Ameriway XT General P235/75R15 tires. The tire
information was asfollows:

Tire Tread Pressure
L eft front 7.1 mm (9/32") 213.7 kpa (31.0 ps)
Left rear 24 mm (3/32") 227.5 kpa (33.0 ps)
Right front 6.4 mm (8/32") 224.1 kpa (32.5 ps)
Right rear 3.2 mm (4/32") 203.4 kpa (29.5 ps)

The recommended tire pressures on the manufacturer’s sticker were 2.5 kg/cn? (35 psi) for al tires. A
second sticker was affixed to the forward aspect of the left B-pillar that stated, “ Important Tire Pressure
Notice: The tire pressure shown on the adjacent certification label is not correct for the rear tires. The
correct tire pressures for this vehicle are: Front 2.5 kg/en? (35.0 psi), rear 2.9 kg/en? (41.0 psi).”

The Ford F-150 was transporting various cargo in the pickup bed. An aftermarket full-width tool box was
positioned at the forward aspect of the pickup truck box. The tool box measured 179.1 cm (70.5") in
width, 53.3cm (21.0") in depth, and 48.3 cm (19.0") in height. Two tiresand approximately 10 stedl rebar
dowels that measured 40.6 cm (16.0") in length and 2.5 cm (1.0") in diameter were present inthe pickup
bed a thetime of the vehicleinspection. According to the owner of the vehicle, various shovelsand brooms
were aso present in the pickup bed at the time of the crash.

The seating in the Ford F-150 was configured with abench seat with afolding back. The seat back recline
was 20 degrees from vertica and both outboard head restraints werein the full-down postion & thetime
of the vehicle ingpection. The seat track wasjammed at the time of the ingpection, and wasin the full-rear

position.

VEHICLE DAMAGE

Exterior Damage - 1996 Ford F-150 Pickup Truck
The Ford F-150 sustained moderate frontal damage asaresult of
the impact with the dirt embankment (Figure 5). Numerous
longitudind abrasionswere present on the lower aspect of thefront
bumper. The direct damage was concentrated on the lower aspect
of the front bumper and involved the entire width of the bumper.
The entire bumper was displaced verticdly and rearward, and the
bottom right corner wasrotated slightly outward. Theleftframerail  FigureS. View of frontal
was protruding forward from the bumper 3.8cm (1.5"). Moderate  damage to the Ford F-150
deformation was present dightly right of the center aspect of the  PiCkup truck
bumper from probable contact with a rock. The direct damage
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from the rock contact began 41.3 cm (16.3") left of center and extended 77.5 cm (30.5") across the
bumper. Themaximum crush waslocated 7.6 cm (3.0") right of the centerline on the bumper and measured
24.1 cm (9.5"). The combined direct and induced damage measured 179.7 cm (70.8") and involved the
entirewidth of thebumper and extended verticaly to thegrillearea. Theverticd and rearward displacement
of the front bumper resulted in dight induced buckling on the left front fender and I€eft front corner. The
Coallison Deformation Classfication (CDC) for the impact with the dirt embankment was 12-FDLW-1.
Six crush measurements were taken adong the bumper and wereasfollows. C1=7.0cm (2.8"),C2=7.0
cm (2.8"),C3=121cm (4.8"),C4=184cm (7.3"),C5=25cm (1.0"), C6 =25 cm (1.0").

Interior Damage - 1996 Ford F-150 Pickup Truck

The 1996 Ford F-150 pickup truck sustained moderate interior
damage as aresult of occupant contact (Figure 6). Therewasno
damege to the windshidd laminate, Sde glazing, or backlight
glazing. There was no passenger compartment intrusion. The knee
bolster was scuffed from the driver's left knee. The scuff was
located 5.1 cm (2.0") to thelft of the center of the Steering column
and extended 11.4 cm (4.5") to the left a an upward angle.
Although there was no deformation to the steering whed rim, the .
stering column was compressed as a result of occupant loading  Figure 6. Left sideinterior view
(Figure 7). Theleft shear capsule displacement measured 6.5cm  of the Ford F-150 pickup truck

(2.5") and the right shear capsule displacement measured 7.0 cm
(2.8"). Two pronounced body fluid (blood) spatterswere present
on the interior roof. The first was located 27.9 cm (11.0") left of
center and 20.3 cm (8.0") rear of the windshield header. It
extended 30.5 cm (12.0") rearward and measured 7.6 cm (3.0")
wide at the rear aspect. The second was located 24.1 cm (9.5")
left of center and 43.2 cm (17.0") rear of thewindshield header. It
measured 12.7 cm (5.0") in width at the rear aspect. Clear body
flud spatter was noted on the driver’ s sun visor, the left aspect of
the windshield header, and on the top aspect of the windshield to
the right of the steering column. A large amount of body fluid
(blood) was present on the left and center aspects of the bench
seat wherethe driver cameto rest. Latera abrasionswere present
on the forward aspect of the driver’s head restraint, but did not appear to be related to this crash.

Figure7. View of shear capsule
displacement



MANUAL RESTRAINT SYSTEMS - 1996 Ford F-150 Pickup Truck

The 1996 Ford F-150 pickup truck was equi pped with manua 3-point |ap and shoulder beltsfor thedriver
and front right passenger positions and a 2-point manual 1ap belt with alocking latch plate for the center
position. The center 2-point restraint was found behind the seet and not accessible from the center seat
postion a the time of the vehicle ingpection. Each outboard manud restraint was configured with a fixed
D-ring and diding laich plate. The driver’ s seat belt utilized an emergency locking retractor (ELR) and the
front right passenger’ s seat belt utilized a switchable/automatic locking retractor (ALR) retractor. A patch
was affixed to the front right passenger’ s lgp belt webbing with ingructions for use of the belt with a child
safety seat. The driver’s manud restraint did not show any sgns of usage in the crash. There were no
abrasons on the D-ring or latch plate, and no stretch marks on the webbing indicative of belt usage. The
retractor showed no signs of damage and the webbing was not restricted. At the time of the vehicle
ingpection, the driver’ s buckle assembly was found wedged under the seat back. In the on-scene police
photographs, the buckle was extended forward from the seat bight, but not engaged with the sest belt.

FRONTAL AIR BAG SYSTEM - 1996 Ford F-150 Pickup Truck
The 1996 Ford F-150 was equipped with afronta air bag for the
driver’ spostion (Figure 8). Theair bag was housed in the center
of the steering whed with asymmetricd H-configuration module
cover flgps. The top flgp measured 12.7 cm (5.0") in height and
20.3 cm (8.0") in width. The bottom flap measured 3.8 cm (1.5")
in haght and 20.3 cm (8.0") in width. The post-crash longitudinal
distance between the steering whed hub and the seat back
measured 56.0 cm (22.0").

Due to theyidding nature of the soft soil, the air bag deployed late
in the crash sequence as the front bumper engaged the
embankment. The driver's ar bag was circular in shape and
measured 67.3 cm (26.5") in diameter. Theair bag was vented by
two circular ports at the 12 o' clock sector that measured 3.8 cm
(1.5") indiameter. Theair bag wastethered by two interna straps
that measured 11.4 cm (4.5") inwidth and werelocated at the 12
and 6 o’ clock aspects. The air bag excursion measured 27.9 cm
(11.0"). Body fluid (blood) transfers were present on the upper  Figure 9. Rear bottom view of
right quadrant on the face of the air bag. Green fabric transfers  thedriver’sair bag showing the
from the driver's shirt were present on the bottom rear aspect of  tissue and fabric transfers

the ar bag. The fabric transfer was offsat dightly to the left and

measured 11.4 cm (4.5") inheight and 6.4 cm (2.5") inwidth. A largetissuetransfer from the driver’ sneck
was a so present on the bottom rear aspect of theair bag (Figure 9). Thetransfer waslocated in the center
aspect and measured 24.1 cm (9.5") in height and 10.2 cm (4.0") in width.




OCCUPANT DEMOGRAPHICS - 1996 Ford F-150 Pickup Truck

Driver
Age/Sex: 41-year-old mae
Height: 170.0 cm (67.0")
Weight: 77.1kg (170.01b)
Seat Track Position: Full-rear
Manud Redtraint Use: Unrestrained
Usage Source: Vehicle ingpection, injury mechanisms, police report
Eyewear: Unknown

Type of Medica Treatment:  Pronounced dead at the scene

Driver Injuries

Injury Injury Severity Injury Mechanism
(A1S90/Update 98)
Crush trauma of the pons and Maximum (140214.6,8) | Indirect - driver’sair bag
transection of the pons from the expanson
cerebrum and multiple traumetic
injuries to the brainstem

Avulson of the Circdle of Willis
(anterior cerebra artery laceration)
(interna carotid artery laceration)
(pogterior cerebra artery laceration)

Critical (120202.5,5)
Critical (121002.5,9)
Critical (121802.5,6)

Indirect - driver’sair bag
expansion

Badlar atery avulson

Critical (120402.5,8)

Indirect - driver’sair bag
expanson

extending through the bilaterd petrous
ridges and sdllaturcica, contiguous
with fractures of the bilatera posterior
crania fossa. Lacerations associated
with the skull fracture extend to the

posterior pharynx

Crush trauma and near total Severe (140474.4,6) Indirect - driver’sair bag
destruction of bilatera cerebellar expanson

hemispheres

Transverse basilar skull fracture Severe (150206.4,8) Indirect - driver’sair bag

expansion




Injury Injury Severity Injury Mechanism
(A1S90/Update 98)

Partid transection of the proximal Severe (420208.4,4) Driver'sair bag expanson
descending aorta with hemorrhage into
the pogterior mediastinum and multiple
intimal lacerations of the thoracic aorta
Fracture of right laterd ribs 2-5, |eft Severe (450240.4,3) Driver'sar bag expanson
laterd ribs 2-5, and right 2nd posterior
rb
Rtuitary gland loose within the sela Serious (140799.3,8) Indirect - driver’sair bag
turcicaand the stalk has been severed expanson
Endocardid laceration of inferior vena | Serious (421802.3,4) Driver’sair bag expansion
cavaand right arium Serious (441008.3,4)
3.0cm (1.2") laceration of left Moderate (441602.2,4) Driver'sar bag expanson

posterior pericardia sac at the area of
the left pulmonary vein

Slight dorason of the inferior left
margin of the neck laceration

Minor (390202.1,2)

Top cover flap of driver’sar
bag

36.8x 22.9 cm (14.5x 9.0") diffuse
superficia abrasion of the lower neck
and bilateral chest wall consgtent with
ar bag traumaand 2 pardld aborasions
7.6 cm (3.0") in length on the left
upper chest with 1.6 cm (0.6")
separation contiguous with parale
abrasions of the left mid chest
measuring 5.1 cm (2.0") in length with
2.5cm (1.0") separation

Minor (390202.1,5)
Minor (490202.1,0)

Driver’sair bag expansion




Injury

Injury Severity
(A1S90/Update 98)

Injury Mechanism

Gaping 17.8 cm (7") laceration of the
anterior and bilaterd neck with
multiple lacerations of anterior neck
musculature at the base of the chin,
exposure of the base of the mandible
bilaterdly, and fragments of green
fabric present in thewound. Neck
lacerations extend to the base of the

tongue

Minor (390602.1,0)

Top cover flap of driver’sair
bag

7.6x6.4cm (3.0x 25") areaof
contusions with linear components on
the left lower anterior chest

Minor (490402.1,2)

Top cover flap of driver’sair
bag

the right media knee

Contusion and crushing of the adipose | Minor (490402.1,3) Driver'sair bag expanson
tissue of the upper anterior chest
19x1.9cm (0.8x0.8") contusonof | Minor (890402.1,1) Knee bolster

7.6x 2.5cm (3.0x 1.0") contusion of
the left lateral mid thigh, and a1.9 x
1.3cm (0.8 x 0.5") contusion of the
proximd medid |eft anterior tibid crest

Minor (890402.1,2)

Left lower instrument pane

7.6 x 3.8cm (3.0x 1.5") contusion of
the proxima anteromedid |eft thigh

Minor (890402.1,2)

Steering whed rim

Injury source: Autopsy report

Driver Kinematics

The 41-year-old driver of the 1996 Ford F-150 pickup truck was presumed to have been seated in an
upright posture with the seet track adjusted to the full-rear position. Hewas not restrained by the available
manua 3-point lap and shoulder system. When the driver detected the intersection, he gpplied the brakes
in full-lockup and was mogt likely bracing. His arms were mogt likely extended outward with his hands
positioned on the steering whed rim. As the pickup truck departed the roadway and traveled into the
shdlow drainageditch, the unrestrained driver wasdisplaced forward in close proximity againgt thedriver's
ar bag module. As the pickup truck ramped up the dirt embankment, the driver began to submarine the
fixed steering column and remained in the forward position as the pickup truck engaged the dirt
embankment. Due to the soft dirt, the crash pulse was dongated and the driver’ sair bag deployed latein

the crash. The driver was out of position against the module cover flap & the time of deployment.
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At impact, the driver’ sair bag deployed and the air bag module cover flaps contacted the driver’ s chest.
The horizontd edge of the asymmetrical upper module cover flap and the expanding air bag impacted the
upper thoracic area and neck area. The top cover flap opened in an upward direction againg the driver’s
shirt and the leading edge of the flgp shredded and abraded the fabric on the front chest area of his shirt.
The cover flap continued to open againgt the driver’s chest and neck. The driver sustained agaping 17.7
cm (7.0") laceration of the anterior and bilateral neck extending to the base of the tongue with multiple
lacerations of anterior neck musculature at the base of the chin, and exposure of the base of the mandible
bilateraly. Fragments of green fabric were present in thewound. Theinitia impact from the upper module
cover flap dso resulted inan 7.6 x 6.4 cm (3.0 x 2.5") area of contusions with linear components on the
left lower anterior chest. The driver initiated a forward trgjectory in response to the frontal impact force.
He loaded againgt the module cover and steering assembly. The driver’s knees struck the knee bolster,
evidenced by a scuff mark left of the steering column. He sustained a1.9 x 1.9 cm (0.8 x 0.8") contusion
of the right media knee as a result of contact with the knee bolster. His left leg contacted the lower
ingrument pane which resultedin a1.9x 1.3cm (0.8 x 0.5") contusion of the proxima medid |eft anterior
tibid crest and an 7.6 x 25 cm (3.0 x 1.0") contusion of the left laterd mid thigh. Hisleft thigh contacted
the steering whed rim which caused an 7.6 x 3.8 cm (3.0 x 1.5") contusion of the proxima anteromedia
left thigh. His forward position restricted the normal deployment of the driver’ s air bag.

The driver’ sloading force againg the steering whed assembly and the air bag module, in combination with
the deploying air bag againgt his chest, produced compression of the energy-absorbing steering column.
The compression of the steering column resulted in complete separation of the shear capsules. Theleft Sde
separation measured 6.4 cm (2.5") and the right side separation measured 7.0 cm (2.8").

The fold pattern of the air bag was such that the bottom rear aspect deployed first. A large tissue transfer
which measured 24.1 cm (9.5") in height and 10.2 cm (4.0") in width was present in the center of the
bottom rear aspect of the air bag from expansion againgt the driver’s neck. The air bag also expanded
againg the driver’s shirt which resulted in afaint green transfer on the bottom rear aspect of the air bag to
the left of the tissue transfer which measured 11.4 cm (4.5") in height and 6.4 cm (2.5") in width. The
expansion of the driver’ s air bag produced a 36.8 x 22.9 cm (14.5 x 9.0") diffuse superficid abrasion of
the lower neck and bilateral chest wall, two pardle drasons7.6 cm (3.0") inlength on theleft upper chest
with 1.6 cm (0.6") separation contiguous with pardld abrasons of the left mid chest measuring 5.1 cm
(2.0") in length with 2.5 cm (1.0") separation, fractures of the right laterd ribs 2-5, fractures of the left
lateral ribs 2-5, fracture of the right 2nd posterior rib, acontusion and crushing of the adipose tissue of the
upper anterior chest, a 3.0 cm (1.2") laceration of |eft posterior pericardid sac at the area of the left
pulmonary vein, apartia transection of the proxima descending aorta with hemorrhage into the posterior
mediagtinum, multipleintimal lacerations of thethoracic aorta, and an endocardia laceration of inferior vena
cava and right atrium. The verticd expandon of the ar bag hyper-extended the driver's neck which
produced atransverse basilar skull fracture which extended through the bilateral petrous ridges and sdlla
turcica, contiguous with fractures of the bilatera posterior cranial fossa The fracture and associated
lacerations extended to the pogterior pharynx. The vertical expansion of the air bag aso caused the driver
to sugtain crush trauma and transection of the pons from the cerebrum, crush trauma and near totd
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destruction of the bilaterd cerebelar hemispheres, multiple traumatic injuries to the brain sem, avulsion of
the Circle of Willis and the basilar artery, and subdural and subarachnoid hemorrhage at the base of the
brain.

The driver was digplaced rearward due to the air bag expansion and rebounded rearward, evidenced by
two large body fluid (blood) spatters on the interior roof. Although not supported by direct contact
evidence, he probably struck the top/rear aspect of his head against the top of the seat back or the head
restraint. He came to rest dumped to the right in the front left seet postion.

The driver wasfound dumped to the right on the bench seat by first responders and was unresponsive with

no vita Igns. Hewas pronounced dead & the scene by the coroner approximately one haf hour following
the crash.
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Figure 10. Scene schematic
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